It is well known that polybutylene terephthalate (PBT) is one of the most rigid structural plastics and has a high mechanical strength and hardness and excellent chemical and heat resistance and electrical properties. However, PBT does not meet modern fire safety requirements.
Summary

A study was made of the effect of fireproofing compositions based on montmorillonite and melamine on the fire resistance of polybutylene terephthalate. It was revealed that montmorillonite premodified with melamine is a more effective modifier of polybutylene terephthalate by comparison with a mechanical fireproofing mixture. Fireproof composites based on polybutylene terephthalate were obtained.
It is well known that polybutylene terephthalate (PBT) is one of the most rigid structural plastics and has a high mechanical strength and hardness and excellent chemical and heat resistance and electrical properties. However, PBT does not meet modern fire safety requirements.
In this article, the results of investigations of the effect of modifiers on polybutylene terephthalate with the aim of increasing its fire resistance while retaining a high level of its physicomechanical characteristics are set out.
To increase the combustion resistance of polybutylene terephthalate, use was made of melamine (MA) of grade GBIT 9567-1997, montmorillonite (MMT) from the Gerpegezh field in Kabardino-Balkaria with a cation exchange capacity of 95 mg-equ/100 g clay, and also fireproofing compositions based on them.
In view of the low indices of combustion resistance of the initial polybutylene terephthalate of grade 201 (time of residual combustion over 30 s), its melt modification with the above modifiers was carried out in a twin-screw extruder at a temperature of 230°C.
In order to investigate the effect of modifying additives on the fire resistance and processing properties of PBT, the following composites were produced:
• PBT modified with melamine [PBT + MA (3%)];
• PBT modified with montmorillonite [PBT + MMT (3%)];
• PBT modified with a mixture of montmorillonite and melamine in a ratio of 1:1 (PBT + MMT + MA);
• PBT modified with organoclay obtained by premodification of montmorillonite with melamine in a ratio of 1:1 (PBT + MMT/MA).
The combustion resistance of the composites was determined according to GOST 28157-89. The oxygen index (OI) of the composites was determined in accordance with GOST 21793-76.
To eliminate the influence of the processing conditions on the properties of PBT, extruded polybutylene terephthalate was used as the reference specimen.
From Table 1 it can be seen that the introduction into the PBT of melamine or montmorillonite as a modifying additive does not improve the combustion resistance of the material (fire safety): both composites (like the initial polymer) are combustible. The combined use of melamine and montmorillonite, however, promotes a reduction in the flammability of polybutylene terephthalate. The time of residual combustion of the PBT + MMT/MA composite does not exceed 20 s, which makes it possible to place the composite in the PV-1 category of not easily combustible polymers. Translated by P. Curtis to materials of PV-0 category, i.e. the composite is self-extinguishing.
Investigation of the heat resistance of the obtained composites was conducted on a Q-1500D derivatograph with a heating rate of samples of 10°C/min. The results are given in Table 2 .
The introduction of montmorillonite into the polymer matrix promotes an increase in its heat resistance. This is due to the fact that the use of MMT and different organoclays based on it as modifiers makes it possible to improve the fire resistance (temperature resistance) and the barrier properties of the polymers (reduction in gas permeability) ( Figure 1) . Sheets of layered silicates act as coking initiators through the barrier and blocking effects they have on volatile products [1] .
In this connection, composite materials containing MMT, in contrast to an unfilled polymer, degrade with the formation of coke residue, the amount of which increases with increase in the clay content. The presence of coke residue indicates the more complex nature of the process of thermal degradation of the composites.
At present, to explain the effect of layered silicates on the process of combustion of polymers, two mechanisms of reduction in flammability are proposed [2] . One of them is due to the formation of a carbonised layer affecting the mass and heat transfer between the combustion zone and the polymeric material. The second takes into account the catalytic activity of the aluminosilicates in the process of thermal degradation of the polymer, which makes it possible to shift the process towards a reduced heat effect and thereby lowers the maximum rate of heat generation [3] .
A study of the mechanical characteristics of composite materials based on PBT and containing the above fireproofing systems, including organomodified montmorillonite, showed that there is a certain interrelation between the composition of the modifier and the properties of the composite. Figures 2 and 3 present the deformation and strength characteristics of composites as a function of the content of modifiers.
As can be seen, the elastic modulus of the obtained composite materials exceeds the elastic modulus of unfilled polybutylene terephthalate (up to 20%), and here this index is higher in the case of using a mixture of montmorillonite and melamine as the modifier, and there is also an increase in hardness of the composites when modifiers are introduced into the polymer matrix ( Table 3) .
There is also an increase in the deformation characteristics of the composite materials in comparison with the unfilled polymer, but the modification of PBT with a dry mixture of MMT and MA in the given case leads to a sharp fall in the indices (Figure 3) , and there is a reduction in the impact strength. It is interesting to note that in this case a composite modified with organoclay of the same composition as the above fireproofing mixture exhibits high indices of all the deformation and strength characteristics.
The difference in the nature of the influence on the properties of polybutylene terephthalate of montmorillonite modified with melamine and of montmorillonite mechanically mixed with melamine can be attributed to the fact that in the latter case the melamine molecules are not introduced into the interplanar space of the MMT, and loosening of the polymer layer in contact with the clay occurs, which prevents complete thermodynamic compatibility with the polymer matrix. This leads to the given polymer composite readily breaking down under strain, in contrast to the composite modified with organoclay (MMT/MA).
Ammonium cations located in the interplanar spaces of the montmorillonite (owing to the presence in the MMT of amino groups of melamine) enter into strong polar interactions with the carboxyl groups of PBT [4] . This promotes the intercalation of molecular chains of PBT and the formation of a PBT/MMT/MA nanocomposite. However, the presence of polar hydroxyl groups intensifies the interaction of the ammonium cations with the silicate surfaces. As a result, the substitution of ammonium cations by PBT chains becomes difficult, which prevents a higher degree of intercalation and subsequent peeling of the organoclay in the PBT matrix.
The thermophyical properties of the composites based on PBT were studied by differential scanning calorimetry (DSC) by analysing the melting and crystallisation thermograms. The heating and cooling rate amounted to 10°C/min. Scanning was carried out in air.
On the basis of DSC data it can be said that the introduction into the polymer of modifiers such as montmorillonite and melamine, individually, leads to an insignificant increase in the melting points of the composites. At the same time, when they are introduced together into PBT, a small shift in the melting point of the PBT towards lower temperatures occurs, which indicates a change in structure (the appearance of lower-melting crystallites). Thus, the smaller the size of the crystallite, the lower is the melting temperature (T m ). This is due to the fact that most crystalline polymers are in fact partially crystalline and are in a state of metastable equilibrium, and stable equilibrium is not usually achieved during the crystallisation of polymers, and as a result a collection of crystallites of equal size are formed, differing in chemical potentials [5] .
Comparison of DSC results for the composites obtained showed that the introduction of modifiers into the polymer matrix of PBT leads to a reduction in the specific heat of the composites, which in turn should be accompanied with an increase in the degree of crystallisation. In fact, with the introduction of modifiers into the PBT, there is an increase in the enthalpy of melting and, correspondingly, in the degree of crystallinity of the polymer α ( Table 4) , and also in the crystallisation rate ( Table 5 ).
The laws governing the crystallisation process indicate a special feature of the structure of composites based on polybutylene terephthalate. The rate of formation of crystallites was determined from the time in which half the crystallites are formed (the half-period of crystallisation):
where T init.cr is the initial crystallisation temperature, T max.cr is the maximum T/50 crystallisation temperature (peak), and v cool is the cooling rate.
The crystallisation rate was assessed from the rate of heat release during the given process, which was calculated as the ratio of enthalpy to crystallisation time:
It is known that the rate of formation of crystallites of the polymer in the blend is determined by the rate of nucleation and the rate of diffusion of the macrochains from the melt to the surface of the crystallisation nucleus. Thus, on the basis of an analysis of the exothermic curves of crystallisation of polybutylene terephthalate containing different modifiers, it can be concluded that the introduction of organoclay (montmorillonite modified with melamine) promotes an increase in the crystallisation rate of the polymer with the formation of a homogeneous structure.
Thus, investigation of the flammability of the composites and thermal and physicomechanical methods of analysis made it possible to reveal and interpret the laws governing the change in the properties of polybutylene terephthalate when the above modifiers are introduced.
It was established that the most effective modifier of PBT, in giving the polymer fire resistance properties and increased physicomechanical characteristics, is an organoclay produced by modifying montmorillonite with melamine. 
